Background Few previous studies have examined nonwealth-based inequalities in child mortality within developing countries. This study estimates changes in under-5-year-olds and neonatal mortality in Nepal across a range of subnational levels, which allows us to assess the degree of equity in Nepal's progress towards Millennium Development Goal 4. Methods Direct estimates of under-5-year-olds and neonatal death rates were generated for 1990-2005 using three Demographic and Health Surveys and two Living Standards Surveys by the following levels: national, rural/urban location, ecological region, development region, ethnicity and wealth. Absolute and relative inequalities were measured by rate differences and rate ratios, respectively. Additionally, wealth-related inequality was calculated using slope and relative indexes of inequality and concentration indices. Results Estimates suggest that while most rates of under-5-year-olds and neonatal mortality have declined across the different equity markers, leading to a downward trend in absolute inequalities, relative inequalities appear to have remained stable over time. The decline in absolute inequalities is strongest for under-5-year-olds' mortality, with no statistically significant trend in either relative or absolute inequalities found for neonatal mortality. A possible increase in inequalities, at least in relative terms, was found across development regions, where death rates remain high in the mid-western region. Conclusions By 2015, our estimates suggest that more than 65% of deaths of under-5-year-olds will occur in the neonatal period, with stable trends in neonatal mortality inequalities. These findings along with the fact that health outcomes for neonates are more highly dependent on health systems, suggest further equitable reductions in under-5-year-olds mortality will require broad health-system strengthening, with a focus on the improvement of healthcare services provided for mothers and newborns. Other inequities suggest continued special attention for vulnerable subpopulations is warranted, particularly to overcome social exclusion and financial barriers to care in urban areas.
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INTRODUCTION
Nepal has been consistently praised by the international community for its achievements in improving maternal and child health outcomes. Despite 10 years of civil conflict, the country is almost certain to reach Millennium Development Goal (MDG) 4, and many studies have suggested that it is on track to meet the MDG 5.
1-3 Consequently, Nepal received the Achievement Award for its progress in reducing maternal mortality at the United Nations 2010 MDG Summit. Recent reforms demonstrate Nepal's commitment to improve maternal and child health. Key features since the ceasefire in 2006 include: the introduction of free essential health services and drugs for the entire population; free healthcare for the very poor; an incentive programme for mothers to deliver at facilities; and free maternity care at all government facilities. 3 4 Questions remain, however, regarding the extent to which Nepal's progress has been equitable. Previous studies have shown that rough topography, combined with vast differences in economic development, infrastructure and service availability, contribute heavily to economic and social exclusion, and have important implications for the delivery of health services and outcomes. [5] [6] [7] [8] Regional disparities in poverty are immense, mainly due to unbalanced development in the past. 9 Most doctors and health facilities are concentrated in urban areas and in the relatively developed central and western development regions, as opposed to the mid-and far western regions, which were the most affected during the conflict. 6 10 The use of skilled birth attendants is higher in the hills and plains than in the mountains, and higher in the central than in the mid-and far western regions. 1 11 12 Urban children also appear to have a better chance of survival than rural children, 13 while urban mothers have better access to antenatal care and are more likely to deliver in a health facility.
14 Social and ethnic inequalities may also relate to restricted access to basic economic opportunities and services for lower-caste groups. The Dalits, Muslims, and Terai Madhesis have long faced marginalisation, as shown by the concentration of poverty and poor health, education and empowerment outcomes. [15] [16] [17] [18] The gap in economic wealth between different ethnic groups is also large and persistent. 16 19 Previous studies suggest that the Newars, the Hill and Madhesi Brahmans are doing well economically, while the Dalits are clustered in the bottom wealth group. 15 In this paper, we focus on absolute and relative inequalities in child health. We examined levels and distributions of under-5-year-olds and neonatal death rates (NDR), and trends in measures of inequality across a range of equity markers. Very little evidence exists on whether substantial progress of health outcomes at a national level masks substantial inequalities across subpopulations. Studies, to date, have primarily emphasised wealth-based inequality. [20] [21] [22] [23] However, such focus may lead to an incomplete picture of the degree and source of inequalities. In Nepal, there are many inter-related factors which potentially influence service utilisation rates and health outcomes, including economic, location, cultural, religious and social beliefs and norms (eg, entrenched ethnicity-based hierarchies). 16 We therefore expand the measurement of inequality to various markers that have been acknowledged as important divisions of the Nepalese society and, more generally, in developing countries. To our knowledge, no previous study has provided a comprehensive nationally representative analysis of equitable progress in health outcomes. Such an examination is important for two reasons. First, persistent within-country inequity reduces the effectiveness of national objectives of improving livelihoods. Second, disaggregated monitoring will help strengthen evidence-based management and improve targeting of health services to counter exclusion.
METHODS Data
The analyses are based on data from two survey series: the Nepal Demographic and Health Surveys (NDHS 1996 (NDHS , 2001 (NDHS and 2006 Both the NLSS and the NDHS collect data relating to demographic and socioeconomic indicators. As the input for the mortality estimation, both series included complete birth history (CBH) modules, in which female respondents are asked about every child they have ever borne. In the absence of a vital registration system, complete birth histories are the preferred method to monitor trends in child mortality. 27 The combined dataset contained 107 446 children ever borne, under the age of five years.
Mortality estimates
Following the methods of Rajaratnam et al, 27 death rates were estimated directly using CBH. Mortality among children aged 5 years and younger was estimated biennially due to the relative rarity of deaths in that age group in Nepal. The estimation procedure is identical at both national and subnational levels.
The 2-year estimates were created by pooling all the data from all the surveys. The child death rate was then estimated by detailing the life or death in each month of the first 5 years of each child's life, denoted person-months. Six age groups (0-1 month, 1-11 months, 12-23 months, 24-35 months, 36-47 months and 48-59 months) were created for the calculation of survival rates. For each age group, the mean survival probability was estimated by dividing the total number of person-months where children were alive by the total number of person-months, accounting for sample weights. Under-5-year-olds (U5DR) and NDR were then derived by subtracting the amalgamation of the survival rates of the associated age groups from 1.
Confidence intervals were constructed following the procedure employed by Rajaratnam et al. 27 For each time-period/ age-group, 1000 simulations of the survival probability were generated by assuming a binomial distribution where the probability equals the mean survival probability, and sample size is the number of person-months observed in the time-period/agecategory. The death rate was then calculated for each timeperiod in each simulation. The lower and upper confidence bounds on the estimates for each time-period were extracted from the percentiles 2.5 and 97.5. To produce a continuous series, Loess regression was applied, using a smoothing parameter of 0.5. 28 The prediction toward 2015 uses the last set of parameter estimates for the Loess regression and standard methods to capture uncertainty in the forecast. 29 
Equity markers and measures of inequalities
We selected five equity markers for which data were available, and that best represented the diversity of the country. We investigated inequalities by rural/urban location; by ecological region: mountain, hill or terai (ie, plains); and by development region: central, eastern, western, mid-western, or far western. In addition, following the categorisation in the literature, 7 15 16 we grouped all castes/ethnic groups into six broad categories: Brahmans/Chhetris, Terai Madhesis, Dalits, Newars, Janajatis, Muslims and others (ie, Marwaris, Bengalis, Jains, Punjabis/ Sikhs and unidentified others).
The fifth equity marker examined was wealth. Given that income and expenditure data are absent in both survey series, we constructed a wealth index, using principal components analysis. 30 The assets used for the wealth index include housing materials, ownership of durable goods and access to improved water and sanitation facilities. We constructed separate wealth indices for each survey and tested the extent to which the classifications of households according to their wealth indices were influenced by the choice of assets and the choice of sample. The test results (not reported) suggest that the individual-survey wealth indices were robust; the ranking and classification of households did not change greatly from one index to the next, and the indices are highly correlated. Thus, for each survey, we created a wealth index using all the households in the sample, of which the average range is between −2.5 and 13.5. The wealth index is then used to rank households from poorest to richest, and to divide the sample into five wealth quintiles.
Given the importance of both absolute and relative measures of inequalities, we computed rate difference (RD) and the slope index of inequality (SII) as well as rate ratio (RR) and the relative index of inequality (RII). [31] [32] [33] The advantages of the RIIs and SIIs over the RDs and RRs are well known. 33 The RII and SII are computed via weighted linear regression of the death rates on the midpoint of the cumulative population distribution ranked by a socioeconomic indicator. 34 Unfortunately, the need for ordinal social groups to rank the population implies that the RIIs and SIIs can only feasibly be computed using the wealth equity marker. For the non-wealth equity markers, RDs and RRs are computed for each subpopulation in reference to a base group. In each case, the group with the lowest average under-5-year-olds' death rate over the sample period is chosen as the referent. confidence intervals for the RIIs and SIIs were calculated using standard methods discussed by Hayes and Berry 35 ; and for the RDs and RRs, were computed using the simulation process utilised for the mortality estimates described in the previous subsection.
We also utilised the concentration index (CI) to further assess the degree of relative wealth-related inequalities using microdata. 36 The higher the absolute value of a CI, the higher the inequality between the rich and the poor and a negative CI indicates that children from households with higher socioeconomic status have better health outcomes (ie, less mortality) than children from the least-advantaged households. Given that the outcome variable is binary, the CI is bounded by the prevalence of mortality. 37 Finally, to gauge changes in disparities over time we compared the death rates and measures of inequalities-and corresponding 95% confidence intervals-over the sample period and computed tests of the statistical significance of a linear trend in these estimates. 33 In the cases of RRs and RIIs, we used the natural logarithm of these measures in the regressions. In the tables, for RDs, SIIs and CI, we report the trend coefficient and corresponding p values. These statistics can be interpreted as the average absolute change per period in the inequality measures over the sample. In the cases of RRs and RIIs, we report the exponentiated trend coefficients, and these statistics can be interpreted as the average ratio change in RR or RII per period.
All statistical analyses were conducted using the two software programs, Stata and R.
RESULTS
Our analysis confirms Nepal's progress towards achieving MDG 4. Figure 1 presents national estimates of the U5DR and NDR, and for rural and urban location. The full set of 2-year results for all equity makers is presented in the online appendix. Were this reduction rate to continue, NDR would decline to approximately 20 (95% CI 10 to 31) by 2015. Accordingly, by that year, more than 65% of under-5-year-olds' deaths will be among neonates.
The death rates for urban children are generally lower than their rural counterparts; however, the difference between the two groups appears to have reduced markedly. By 2004-2005, the urban U5DR was estimated to be 50 (95% CI 20 to 88) compared with the rural U5DR of 64 (95% CI 45 to 73). Projections suggest that the urban-rural gap will be negligible by 2015. For both U5DRs and NDRs, the diminishing absolute disparity between two populations appears to be due to faster progress in rural areas, and stagnation within the urban population since the late 1990s.
To confirm these observations and to assess relative changes, table 1 presents measures of absolute (ie, RD) and relative (ie, RR) inequalities across the non-wealth equity markers. For U5DR, across most groups within each of the non-wealth equity markers, a consistent pattern of narrowing absolute inequalities, and no clear evidence of a change in relative inequalities over time is observed. For instance, when comparing U5DR with urban and rural populations, the RDs dropped from 40. Only the RDs show a significant downward trajectory at conventional levels. While this pattern is generally observed with respect to NDRs, the trends in either relative or absolute inequalities are not significant at conventional levels, which is expected given the lower reduction in neonatal rates over the sample period. The only exception is the statistically significant reduction in neonatal RDs in the rural Terai.
Reductions in RDs are evident for ecological regions, particularly when regional estimates are disaggregated by urban/rural residence. Figure 2 shows that the absolute difference in U5DRs has narrowed, yet the mortality profile for the urban Terai was unique. In this region, the U5DR has increased in the three periods since a low of 57.8 (95% CI
A noteworthy exception to the general pattern is the increase in relative and absolute inequalities for some development regions. Positive trends in RRs for under-5-year-olds and neonatal mortality are observed in a majority of the regions, and corresponding RDs have increased the mid-western and western regions, consistent with increasing inequality. However, one should note that only the trend in RRs for U5DRs in the mid-western region is significant at conventional levels. Accordingly, as displayed in figure 3 , relatively high levels of under-5-year-olds' and neonatal mortality are experienced in the mid-western region, particularly since 2000-2001. In addition, the western region has experienced some increases in neonatal mortality since the same period, which is confirmed by the close to statistically significant positive trend in neonatal RDs in this region. There is some evidence to suggest that relative inequalities in ethnic neonatal morality have increased; however, these results are somewhat unstable due to statistical imprecision.
The full gambit of wealth-related inequality measures are presented in table 2. The estimates again suggest that absolute inequalities in under-5-year-olds' mortality have possibly decreased, while relative inequalities have stabilised. A similar pattern is observed for neonatal mortality; however, none of the trends are significant at conventional levels.
DISCUSSION
Our findings show that, regardless of continued substantial reductions in national U5DRs and NDRs, inequalities across Nepal's subpopulations remain, at least in relative terms. Consequently, a country's successes at a national level, while important, should, nevertheless, be assessed in combination with subnational performance.
We found that national U5DRs and NDRs were declining since 1990, at a mean rate of decline of 5.2% and 3.7% per year, respectively, which exceeds the required rate to meet the MDG 4 target. Our estimates are lower than some previous reports 38 but are consistent with others that use comparable methods. 27 39 The slower reduction in the NDR compared with the U5DR is to be expected. In general, preventive public health measures, such as immunisation and community management of diarrhoea and acute respiratory infections, are likely to have greater efficacy against the usual causes of death in older children compared with newborns. Ghimire et al 40 have described the national scale-up of community-based case management of diarrhoea and acute respiratory infections, and of prevention strategies in Nepal over our study period. Further reductions in U5DR would require broad health-system strengthening for integrated improvement in care during pregnancy, childbirth and the neonatal period. This is arguably a more challenging task, given that coverage remains relatively low in key interventions relevant to neonatal health, such as facility-based childbirth, skilled attendance at birth and postnatal care. 1 11 12 The description of variable progress according to ecological and development regions-with least progress in the mountains and in the mid-western and western regions, respectively-suggest that progress is not evenly shared. The mountain ecological region is home to just 7% of the population, and providing clinical services to remote areas is difficult due to both the costs involved and the challenge of retaining staff. Until 2009, there were no comprehensive obstetrics services in any of the mountain districts. Consequently, there remain enormous challenges to provide for mountain communities. Of related interest is the increased trend in inequalities across development regions (which each include mountain, hill and terai ecologies); most especially in relative terms. Potential explanations for this-not testable by this analysis -may lie in these settings' greater poverty, poorer access to health services, the civil conflict that was greatest in the far and midwestern regions, and outward migration.
Even in cases where absolute inequalities appear to be declining, such as between rural and urban populations, a number of concerning trends persist. First, while U5DRs and NDRs have rapidly declined in rural areas from a high mortality baseline, this most likely represents the result of easily achievable gains obtained through the scale-up of community-and populationbased services, such as preventive care, including immunisation, which the urban population had already achieved. 40 The minimal gains in the NDR of the urban population since the late 1990s, together with the possible narrowing of the absolute rural/urban disparity in NDR, suggest that the rural population might be approaching the end of this opportune period.
Second, the stagnation of urban death rate reductions, both at an aggregate level and within the terai and hill regions, coincides with a number of reports, 41 which have noted the increasing problems in urban slums. Poor housing and urban planning, 42 weak transportation systems, limited access to care 43 and overcrowding can all worsen health outcomes, 44 45 which can be exacerbated by political instability in rural areas that, in turn, lead to a rapid influx of migrants into urban areas. 46 The growth in the urban population has not been matched by increased health services, and the government, up until 2010, had no programmes to deliver routine or acute care services to slum dwellers. 47 While inequalities in under-5-year-olds' mortality have declined, disparities in neonatal mortality between ethnic groups appear to be persistent, with all ethnic groups showing signs of a possible increase in relative inequalities compared with the Newars. The Dalits and Terai Madhesi groupings continue to experience higher relative levels of neonatal mortality. While this finding has been previously observed, 7 15 16 our analyses suggest that past programmes targeting ethnicity-based inequality have not been effective. Other studies have shown that these groups consistently have the lowest coverage across most maternal and child health interventions. 1 11 12 One should note, however, that due to the constant evolution in the definition of each caste group over the study period, caution is required when interpreting trends over time.
NDHS 2006 data suggest that more than 98% of Terai Madhesis, and approximately 50% of Dalits live in the terai. 1 2 This corresponds with our other findings regarding disadvantage in the terai; where, given the flatter topography and better roads, infrastructure and service provision should be physically easier than in the hill and mountain regions. The population increase in the terai without parallel increase in health facilities may, in part, explain the persistent disadvantage. It is clearly not sufficient to simply live close to services; it is likely that cultural or social factors other than location determine the utilisation of health interventions and, consequently, the mortality outcomes (especially neonatal) of the Dalits and Terai Madhesis.
A notable strength of our analysis is the availability of highquality, relatively large population-based datasets. Nonetheless, three important limitations remain. First, due to the relatively small sample size for each group, large confidence intervals are associated with some wealth and ethnic death rates, especially for the last biennial period. Accordingly, caution should be exercised when asserting the degree of inequality. However, the consistency in trends suggests that, even if the precise measurement of inequality is uncertain, the pattern of inequality is likely to be valid. Nonetheless, it should also be noted that the statistical power of significance tests for a linear trend are insufficient to detect small changes given the limited number of data points. Second, in addition to well-known measurement errors in survey data, our methodology does not directly deal with the potential influence of recall bias. Pooling data from multiple surveys, however, helps mitigate the recall bias to some extent where surveys overlap. Finally, possible changes achieved in the projected time period via increased efforts to reduce child mortality are not included in our forecasts, which are based on recent time trends only.
CONCLUSION
Nepal has achieved a consistent reduction in under-5-year-olds' mortality since 1990, with some gains in equity, at least in absolute terms. However, a number of communities have been left The small number of observations and possible non-linear relationships implies that the trend estimates should be treated with caution. Additionally, since the bounds of the CI depend on the mean of mortality, comparisons over time must be treated cautiously. CI, concentration index; NDR, neonatal death rate; RD, rate difference; RII, relative index of inequality; RR, rate ratio; SII, slope index of inequality; U5DR, under-5-year-olds' death rate. Figure 3 Under-5-year-olds' and NDR ( per 1000 live births) by development regions for selected 2-year periods, with 95% confidence intervals. See the web appendix file for full results. NDR, neonatal death rate; U5DR, under-5-year-olds' death rate. This figure is only reproduced in colour in the online version.
behind. The urban poor and the urban populations of the terai are particularly at risk, and require attention to overcome financial and social barriers to care. Similarly, strategies that address the social exclusion and poverty of rural populations are likely to be essential to overcoming geographical isolation. Importantly, to achieve further reductions in under-5-year-olds' mortality, the policy emphasis will need to shift to address newborns' survival. Among other things, this would mean a strong focus on improving the care provided to all mothers and to all newborns in the first 48 h of life, independent of ethnicity, wealth or residential location.
What is already known on this subject ▸ Very little is known about patterns in child mortality at subnational level in many developing countries. Despite steady improvement in maternal and child health indicators it is still uncertain whether the improved performance in Nepal was equitable. Anecdotal evidence suggests that inequality in access and utilisation of health services, and ultimately health outcomes, exist at the subnational level.
What this study adds
▸ The quantitative analysis shows that disparities in under-5-year-olds' mortality by most equity markers have decreased in absolute terms but have remained stable in relative terms. A similar pattern is observed with respect to neonatal inequalities, although no significant trend is found, suggesting that such inequalities remain. ▸ In a number of cases, the reduction in absolute inequalities is due to stagnating mortality in urban areas. ▸ Possible upward trends in inequalities across development regions were found, at least in relative terms.
